Immunization Activities
WHO and the United Nations Children's Fund (UNICEF) use data from administrative records and surveys reported annually by member states to estimate MCV1 coverage among children aged 1 year. ¶ Since 2003, member states also have reported the number of districts with ≥80% MCV1 coverage. Estimated MCV1 coverage increased globally from 73% to 84% during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] , then remained at 84% through 2012 ( Table 1 ). The number of member states with ≥90% MCV1 coverage increased from 83 (43%) in 2000 to 128 (66%) in 2012. The number of member states with ≥90% MCV1 coverage nationally that also had ≥80% MCV1 coverage in all districts increased from 40 (38%) of 104 in 2003 to 58 (45%) of 128 in 2012. Of the estimated 21.2 million infants who did not receive MCV1 in 2012, approximately 13.5 million (64%) were in six member states: India (6.4 million), Nigeria (3.8 million), Ethiopia (1.0 million), Indonesia (0.9 million), Pakistan (0.7 million), and the Democratic Republic of the Congo (0.7 million).
During 2000-2012, the number of member states providing the second dose of measles vaccine (MCV2) through routine immunization services increased from 96 (50%) to 145 (75%). During 2012, approximately 145 million children received MCV during SIAs conducted in 33 member states. MCV coverage ≥95% after SIAs was reported by 18 (55%) member states, and 12 (36%) member states conducted coverage surveys to validate coverage. During measles SIAs, 20 (61%) member states included one or more additional child health interventions; 18 (55%) included oral poliovirus vaccination (Table 2) .
Disease Incidence
Effective measles surveillance includes case-based surveillance with laboratory testing to confirm cases. During 2004-2012,** the number of member states using case-based surveillance increased from 120 (62%) to 187 (96%). † † During 2000-2012, the number of member states with access to standardized quality-controlled testing through the WHO Measles and Rubella Laboratory Network increased from 71 (37%) to 191 (98%). § § * Whereas the coverage milestone is to be met by every member state, the incidence and mortality reduction milestones are to be met globally. † The Decade of Vaccines is a collaboration between WHO, UNICEF, the Bill and Melinda Gates Foundation, the GAVI Alliance (formerly the Global Alliance for Vaccines and Immunization), the U.S. National Institute of Allergy and Infectious Diseases, the African Leaders Malaria Alliance, and others to extend, by 2020 and beyond, the full benefit of immunization to all persons. Additional information available at http://apps.who.int/gb/ebwha/pdf_files/wha65/a65_22-en.pdf. § SIAs generally are carried out using two target age ranges. An initial, nationwide catch-up SIA targets all children aged 9 months-14 years, with the goal of eliminating susceptibility to measles in the general population. Periodic followup SIAs then target all children born since the last SIA. Follow-up SIAs generally are conducted nationwide every 2-4 years and target children aged 9-59 months; their goal is to eliminate any measles susceptibility that has developed in recent birth cohorts and to protect children who did not respond to the first measles vaccination. ¶ Genotyping results from isolates from persons with measles were reported from 49 (39%) of the 125 member states reporting measles cases in 2012. Six measles genotypes were identified; the predominant genotypes were B3 in the African Region (AFR) and the Eastern Mediterranean Region (EMR); D4 in the European Region (EUR); H1, D8, and D9 in SEAR and WPR; with one G3 reported from one outbreak in WPR.*** 
Mortality Estimates
In response to the lack of reliable data on the number of measles deaths from many member states, WHO has developed a model to estimate mortality using numbers and age distribution of reported cases, routine and SIA MCV coverage, and age-specific, country-specific case-fatality ratios (3, 4) . The model was refined in 2013 to reflect the impact of different SIA target age ranges and the population targeted in subnational Abbreviation: OPV = oral poliovirus vaccine. * SIAs generally are carried out using two approaches. An initial nationwide catch-up SIA targets all children aged 9 months to 14 years; it has the goal of eliminating susceptibility to measles in the general population. Periodic follow-up SIAs then target all children born since the last SIA. Follow-up SIAs generally are conducted nationwide every 2-4 years and generally target children aged 9-59 months; their goal is to eliminate any measles susceptibility that has developed in recent birth cohorts and to protect children who did not respond to the first measles vaccination. The exact age range for follow-up SIAs depends on the age-specific incidence of measles, coverage with 1 dose of measles-containing vaccine, and the time since the last SIA. † Values >100% indicate that the intervention reached more persons than the estimated target population. § Rollover national campaigns started the previous year or will continue into the next year.
SIAs. These refinements, together with new 2012 measles vaccination coverage and case data for all member states, updated data for the period before 2012 for some member states, and updated population estimates (5), led to new mortality estimates for 2000-2012. During this period, estimated measles deaths decreased 78%, from 562,400 to 122,000; all regions had substantial reductions in estimated measles mortality, ranging from 52% in EMR to 88% in AFR (Table 1) . Compared with a scenario of no vaccination against measles, an estimated 13.8 million deaths were prevented by measles vaccination during 2000-2012 (Figure) .
Regional Verification of Measles Elimination
By 2012, regional verification commissions were established in AMR, EUR, and WPR, and frameworks for documenting elimination were developed in AMR and EUR. While verifying elimination, member states in AMR uncovered weaknesses in surveillance and routine immunization programs, leading to a regional emergency plan of action to strengthen these programs.
Editorial Note
During 2000-2012, increasing routine MCV coverage worldwide and regular SIAs in member states lacking high coverage with 2 doses of MCV contributed to a 77% decrease in reported measles incidence and a 78% reduction in estimated measles mortality, reaching historic lows. During this period, measles vaccination prevented an estimated 13.8 million deaths. Measles elimination continues to be maintained in AMR (6) , and WPR is approaching measles elimination (7). However, based on current trends and performance, the WHO Strategic Advisory Group of Experts (SAGE) concluded that the 2015 global targets and regional elimination targets in EUR, EMR, and AFR will not be achieved on time (8) .
AFR, EMR, and SEAR, the regions with the largest number of infants not receiving MCV1 through routine immunization services in 2012, had large measles outbreaks during 2012 and had 98% of the estimated global measles mortality burden, highlighting the need to strengthen immunization systems. Globally 2012 might represent a temporary low in the normal cycle of measles incidence. Preventing a resurgence will require progress in reaching ≥95% of children with 2 MCV doses through routine immunization services and high-quality SIAs (9) .
The findings in this report are subject to at least three limitations. First, MCV coverage estimates likely included errors resulting from inaccurate estimates of the size of target populations, inaccurate reporting of doses delivered, and inclusion of SIA doses given to children outside the target age group. Second, underestimation in surveillance data can occur because not all patients with measles seek care and not all of those who seek care are reported. These errors in coverage and surveillance data in turn affect the accuracy of the measles mortality model results. Finally, some member states also maintain multiple reporting systems for measles and might, like India, report aggregate, unconfirmed cases rather than case-based data.
To achieve measles elimination, member states should aim to fully implement measles control and elimination strategies described in GVAP and the 2012-2020 Global Measles and Rubella Strategic Plan (10) of the Measles and Rubella Initiative, † † † which include achieving vaccination coverage ≥95% with 2 doses of MCV administered through routine immunization or SIAs and maintaining this coverage uniformly across all districts. For many member states now at <90% coverage nationally, reaching ≥95% coverage will require substantial and sustained additional investments of financial and human resources to strengthen health systems and achieve equitable access to immunization services. Further progress toward achieving the 2015 global measles control targets and regional measles elimination targets will also require member states and partners to increase the visibility of measles elimination activities and make the needed investments. What is added by this report?
In 2012, estimated global coverage with the first dose of measles-containing vaccine remained at the 2011 level of 84%, but the number of countries providing a second dose of measles-containing vaccine through routine immunization services increased from 96 (50%) in 2000 to 145 (75%) in 2012, and 144 million children were vaccinated against measles during vaccination campaigns. In 2012, annual reported measles incidence was 33 reported cases per million population, a decline of 77% from 146 cases per million population in 2000, and estimated measles deaths decreased 78%, from 562,400 to 122,000. An estimated 13.8 million deaths were prevented by measles vaccination during 2000-2012.
What are the implications for public health practice?
Although measles incidence decreased during 2011-2012, the World Health Organization's African, Eastern Mediterranean, and European regions are not on track to achieving their elimination targets. To accelerate progress toward achieving these regional measles elimination targets national governments and partners are urged to give these efforts high priority and adequate resources to achieve their commonly agreed upon goals, and in so doing reach the targets set by the Global Vaccine Action Plan.
